Abstract
11 actin gene expression according to the instructions provided by Stratagene based on the method (Fig. 1B) . We proceeded to generate these transgenic lines by self-209 pollination and obtained homozygous lines for Md-SPDS1 in the T 2 generation. These homozygous 210 lines showed a high level of Md-SPDS1 mRNA expression (Fig. 1B) and a 1.5-to 2-fold increase in 211 the levels of free spermidine in fruits than that wild-type plants, suggesting that Md-SPDS1 was 212 functional and correctly processed in tomato tissues. We randomly selected two lines (36A.12 and 213 43A.12) for further characterization. (Fig. 2) . Among the free polyamines analysed, spermidine (Fig. 2B ) and spermine ( Fig. 2C) 
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were present at higher levels in the early stages of tomato fruit development, and tended to decrease 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   12 with maturation. Conversely, putrescine content was low in the early stages of fruit development, 220 with the minimum level at 30 DAP, and then increased as fruit matured, peaking at 50 DAP ( 
231
PCA analysis was performed on the 37 metabolites quantified in 61 pericarp-columella samples at 232 five stages of fruit development (Fig. 3) . PCA scores (Fig. 3A) (Table 2) . Overall, we observed enhanced accumulation in several kinds of 313 carotenoids, especially lycopene, lutein, and β-carotene, in the transgenic fruits during ripening.
315
Ethylene production in transgenic fruits 316 Ethylene production in transgenic and the wild type fruits at different ripening stages was 317 measured by GC (Fig. 8 ). Ethylene production in tomato fruits from transgenic lines began to 318 increase at 30 DAP peaked at 40 DAP in line 36A.12, and at 37 DAP in line 43A.12. In the wild-319 type fruits, ethylene production gradually increased from 20 DAP and peaked at 40 DAP. Levels of 320 ethylene production were significantly higher in the transgenic lines than in the wild type, and the 321 increase to the peak value was steeper in the transgenic lines. These observations suggest that 322 transgenic tomato fruits accumulating higher polyamines produce more ethylene during ripening.
324
Transcriptional characterization of genes responsible for carotenoid metabolism 325 To elucidate the mechanism underlying the increase in carotenoid contents in the transgenic 326 fruits, transcriptional levels of several key genes encoding carotenoid metabolic enzymes were 327 analysed by RT-PCR (Fig. 9) . PSY1, DXS, and PDS (which encode phytoene synthase, deoxy-D-328 xylulose 5-phosphate synthase, and phytoene desaturase, respectively) are involved in lycopene 329 biosynthesis, whereas LCY-E and LCY-B (which encode lycopene-epsilon cyclase and lycopene beta 330 cyclase, respectively) are involved in lycopene cyclisation. The transcriptional levels of DXS, PSY1, 331 and PDS tended to be higher in the two transgenic lines than in the wild type during late ripening 332 stages (40-50 DAP). PSY1 in the two transgenic lines showed a strong increase compared to wild 333 type fruits, from 1.63-fold (line 43A.12) to 1.91-fold (line 36A.12) at 40 DAP, and 1.7-fold (line 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 32 ethoxyvinylglycine (AVG) during the course of ripening in peach fruit (Prunus persica L. Batsch). of independent fruit data from each line (n = 3) and are shown as means ± SDs. Asterisks indicate 665 significant differences compared to the wild type: *P < 0.05, **P < 0.01. was analysed in duplicate and repeated three times (n = 6). Asterisks indicate significant differences 710 compared to the control: *P < 0.05, **P < 0.01, ***P < 0.001 (Student"s t-test). 
